promoted economic growth. The outbreak of hepatitis A led to improvements in the public health infrastructure. According to the World Bank standard of per capita income, Shanghai was a low-income region before 1994 and a lower-middle income region from 1996 to 2005, and became an upper-middle income region after 2006. 8 The vital registration system in Shanghai was established 14 years before the Chinese national system was established in 1987.
As a result of rapid economic growth, the population has continued to increase in some districts of Shanghai over the past few decades. 9 To evaluate the influence of socioeconomic events on cause-specific mortality in the naturally growing popu lation in urban Shanghai, we selected Yangpu, an industrial district of urban Shanghai, for several reasons. First, Yangpu has a medium -sized economy among the urban districts. Second, the residents in Yangpu have experienced all the public events described above. Third, the registered population of Yangpu has been stable, ranging from 0.77 × 10 6 to 1.09 × 10 6 from 1974 to 2015. Population influx and efflux have been very limited, owing to the restriction on introduction of big businesses and the household registration system, respectively. Thus, for an investigation of the influence of socioeconomic events on the mortality of a naturally growing population, Yangpu is a good representation of urban Shanghai.
In this long-term longitudinal study, we aimed to characterize the influence of socioeconomic events on cause-specific mortality, which may assist with optimizing disease-control strategies.
Methods sources of data
Information on all causes of death from 1974 to 2015 was derived from the vital registration system, covering the full registered population of Yangpu, Shanghai. We mapped the 1974-2001 causes of death from the 9th International Classification of Disease (ICD) codes to aggregated 10th version (ICD-10) codes using an online database (www.icd10data.com). Since 2002, causes of death have been directly coded using ICD-10. All causes of death were classified into 3 groups according to the World Health Organization (WHO) Global Health Estimates standard classification of diseases (Table S1 
statistical analysis
We examined temporal trends in mortality from 1974 to 2015 by fitting joinpoint models (Version 4.3.1.0, Bethesda, MD) to the crude, logtransformed rates and age-adjusted rates, standardized according to Segi's world standard population. 10, 11 The trend was expressed as an average annual percentage change (AAPC). The z test was employed to assess whether the AAPC was statistically different from 0. 1947 1951 1955 1959 1963 1967 1971 1975 1979 1983 1987 1991 1995 1999 2003 2007 2011 2015 Natural population growth, % Rate of increase of grain yield, % Figure 1: Rate of increase of grain yield and natural population growth rate from 1949 to 2015 in mainland China, and change in dietary patterns in urban Shanghai, China. The data on grain yield and natural population growth were derived from the National Bureau of Statistics of China. 6 The information on dietary patterns in urban Shanghai was obtained from a Shanghai Center for Disease Control database. 7 Pure energy food, which includes oil, starch, sugar and alcohol, provides energy but lacks protein and other nutrients.
We applied an age-period-cohort Poisson regression model (APC model) to evaluate the effects of age, period and birth cohort on mortality and predict the mortality trend from 2016 to 2030. 12 Details on the APC model are given in Appendix 2. The joinpoint and APC models were repeated, stratified by sex.
ethics approval
All data were deidentified. The study was approved by the ethics committee of the Centre for Disease Control and Prevention of Yangpu District, Shanghai, China.
Results
We analyzed all registered permanent residents in Yangpu, with a total of 41 879 864 person-years. A total of 290 332 deaths (154 050 men and 136 282 women) occurred between 1974 and 2015. Group 1 causes, group 2 causes and group 3 causes accounted for 3.80%, 86.50% and 5.56% of all-cause mortality, respectively. The top 5 leading causes of death for men were cardio-cerebrovascular disease (stroke, ischemic heart disease and hypertensive heart disease); cancer; respiratory disease, including chronic obstructive pulmonary disease (COPD) and asthma; injuries; and digestive disease, including liver cirrhosis and peptic ulcer disease (Table S2 , Appendix 1). The top 5 leading causes of death for women were cardio-cerebrovascular disease, cancer, respiratory disease, injuries and diabetes (Table S2 , Appendix 1). In the working population younger than 60 years, cancer, cardio-cerebrovascular disease, injury, infectious and parasitic disease, and digestive disease were the top 5 leading causes of death for men (Table 1) . Cancer, cardio-cerebrovascular diseases, injuries, infectious and parasitic diseases, and congenital anomalies were the top 5 leading causes of death for women (Table 1) . Cancer was the leading cause of death among women aged 30 to 59 and men aged 30 to 74 years, whereas cardio-cerebrovascular disease was the leading cause of death among women older than 59 and men older than 75 years.
Mortality trends
From 1974 to 2015, the proportion of deaths resulting from group 1 and 3 causes continually decreased, whereas the proportion of deaths from group 2 causes continually increased (Figure 2 ). Table 2 shows the trends and breakpoints of age-standardized, cause-specific mortality from 1974 to 2015. The age-standardized mortality of the major causes decreased over the past 42 years, but that of diabetes increased at an annual average rate of 1.7%. For group 1 causes, mortality decreased rapidly (AAPC -6.7, 95% confidence interval [CI] -9.3 to -4.1) from 1988 to 2015, when the large outbreak of hepatitis A was controlled. For group 2 causes, age-standardized mortality decreased (AAPC -2.9, 95% CI -3.5 to -2.3) from 1995 to 2015). Of those, deaths from cancer began to decrease from 1991, almost 8 to 10 years after polluting industries were removed. From 1974, increasing mortality trends were seen for neurologic conditions (AAPC 5.4, 95% CI 4.1 to 6.6), congenital anomalies (AAPC 4.2, 95% CI 1.1 to 7.5), diabetes mellitus (AAPC 3.2, 95% CI 2.5 to 3.9) and cardio-cerebrovascular disease (AAPC 0.8, 95% CI 0.3 to 1.2), but the mortality trends for all group 2 causes began to decrease between 1990 (for digestive diseases) and 2005 (for diabetes mellitus). For group 3 causes, we observed an evident decrease (AAPC -5.4, 95% CI -6.3 to -4.5) after the breakpoint in 1994. The mortality trends for group 1 and 2 causes were similar in both genders. We observed decreasing mortality trends for group 3 causes, but the breakpoints were different in men and women (Table  S3 , Appendix 1). Decreases in mortality from group 2 and 3 causes followed clinical service improvements that began in the late 1980s.
Age, period and cohort effects on leading causes of mortality
Using the APC model, we analyzed the effects of age, birth cohort and period on mortality. Deaths from cardio-cerebrovascular disease, cancer and diabetes greatly decreased from 1990, especially after 2000, in the age groups from 60 to 70 years; that of respiratory disease decreased in almost all age groups ( Figure 3A1 , 3B1, 3C1 and 3D1). Birth cohort analysis indicated that all-cause mortality; deaths from group 2 causes including cardio-cerebrovascular disease, cancer, diabetes and digestive disease; and deaths from injuries increased in the population born between 1955 and 1965 ( Figure 3A2 , 3B2 and 3C2 and Figures S1 and S2 in Appendix 1), covering the period of the Great Chinese Famine (1959) (1960) (1961) . From the fitting trend of the birth cohort in the APC model, we found that the risks of death from cardiocerebrovascular disease, cancer, diabetes and respiratory disease peaked in the populations born in 1921, 1928, 1928 and 1911 , and then declined, respectively. However, the risks of death from cancer and diabetes increased in those born after 1949 ( Figure 3A3 , 3B3, 3C3 and 3D3). Trends for the leading causes of death in the birth cohort were similar in both genders, except for diabetes mellitus. The risks of diabetes mellitus in the birth cohorts kept increasing after 1940 in men, but decreased in women ( Figures S3 and S4 , Appendix 1).
projecting causes of death in 2026-2030
Older adults (aged 65 years and older) accounted for 4.59% of the total population in 1974; this proportion increased to 19.15% in 2015. The number of older adults is expected to peak during 2021-2025, accounting for 33.15%, after which it will decrease. . Cardio-cerebrovascular disease and cancer will remain the top 2 killers. Further, their proportionate distributions will continue to increase in both sexes. It appears that diabetes will become the third most common cause of death as an indirect consequence of the proportion of deaths from respiratory diseases continuing to decrease over time. However, diabetes will likely remain the fourth most common cause of death in men in 2026-2030.
Interpretation
This study had 4 main findings. First, age-standardized mortality from group 1, 2 and 3 causes decreased rapidly after 1988, 1995 and 1994, respectively. Second, cardio-cerebrovascular disease-, cancer-, and diabetes-related deaths clearly increased in those born around the time of the Great Chinese Famine. Third, the risks of the major group 2 cause-related deaths peaked in those born between 1911 and 1928, and then declined, but the risks of death from cancer and diabetes began to increase in those born after 1949. Fourth, cardiocerebrovascular disease and cancer remain the top 2 killers. Diabetes will likely be the third most common cause of death in women and the fourth most common cause of death in men. The trends in age-standardized mortality reflect the effect of public health efforts and the nature of life-threatening diseases. Deaths from group 1 causes decreased after 1988, corresponding to the actions taken by the municipal government to greatly enhance public health infrastructure to control infectious disease, after the outbreak of hepatitis A in January 1988. 13 These findings are consistent with data from the Global Burden of Disease study, which showed that after 1990, standardized mortality rates from group 1 and group 3 causes were lower in Shanghai than in mainland China or the rest of the world (Table S4 , Appendix 1). 14 We speculate that these reductions in mortality are attributable to improvements in medical services in Shanghai. Shanghai had established a sound disease prevention and control network including 19 centres for disease control and 240 community health centres after the outbreak of hepatitis A in 1988. Similarly, improvements in air quality and medical services from the 1980s onward may account for the reduction in deaths from respiratory diseases such as COPD, as smoking and air pollution are well-established risk factors for COPD. 15 However, it is difficult to reduce the burden of group 2 causes. Age-standardized mortality from cancer started to decrease from 1991, possibly because polluting industries were removed from urban Shanghai after the 1980s. Deaths from cardio-cerebrovascular disease and diabetes began to decrease after 1998 and 2005, possibly owing to improvements in medical service after the 1980s and in health education, especially the World Bank-supported mass health promotion program that was begun in 1996, all of which played active roles. In keeping with these findings, after 2013, standardized mortality rates from group 2 causes were also lower in Shanghai than in the rest of the world, including mainland China, except for diabetes and digestive diseases (Table S4 , Appendix 1). 14 The risks of death by cardio-cerebrovascular disease, cancer and diabetes peaked in those born between 1920 and 1930, which may be related to the poor condition of the health care system between 1960 and 1980. The medical system was overburdened during the Great Chinese Famine (1959) (1960) (1961) ) and the Cultural Revolution (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) . Previous studies have shown that exposure to the Great Chinese Famine in early life increased the risks of obesity, hyperglycemia, type 2 diabetes, hypertension and fatty liver disease in adulthood, and also increased the risk of schizophrenia and death from stomach cancer in later life. [16] [17] [18] [19] [20] [21] [22] Our findings further suggested that exposure to the famine at the perinatal stage increased deaths from cardio-cerebrovascular disease (including stroke), cancer, diabetes, digestive disease and injury. Metabolic syndrome is an important risk factor of stroke, particularly among women and those with ischemic stroke. 23 The associations between exposure to the famine and metabolic syndrome may be partially explained by insulin resistance. Exposure to extreme starvation leads to poor development of pancreatic β-cell mass and function, which may persist in later life. 24 Exposure to adverse social environments in early life increases the risk of chronic diseases in later life.
In addition, people born around the time of the famine might have a compensatory mental orientation toward overconsumption.
The risks of death from chronic diseases in those born after 1940 declined, but the risks of death from cancer and diabetes increased in those born after 1949 ( Figure 3B3 and 3C3) , indicating that the exposure of their risk factors kept increasing. High intake of red and processed meat, tobacco smoking, overweight or obesity, physical inactivity, low intake of vegetables, and alcohol consumption Age-specific mortality rates (per 100 000) by period and birth cohort and age, period, and cohort effects for the mortality rates of major chronic diseases in Yangpu, Shanghai, China (1974 . Each row of plots, from left to right, are age-specific mortality rates by period, age-specific mortality by birth cohort, and an age-period-cohort Poisson (APC) regression plot. The APC regression plot has 3 curves depicting, from left to right, trends in mortality rate by age (yr) for the reference birth cohort (1949), the risk ratio of the cohort effect compared with the reference birth cohort (1949) , and the risk ratio of the calendar period effect compared with the reference cohort (1980). Dotted lines show the 95% confidence intervals of the 3 components (solid lines).
increase the risk of cancer. 25, 26 According to a dietary survey in urban Shanghai, the proportion of intake of red meat increased from 9% in 1982 to 26% in 2002, whereas the rate of cereal intake declined from 65% to 40% (Figure 1) . 7 Tobacco smoking has increased substantially since the 1980s. More than 50% of Chinese men were smokers in 2010, with a high uptake rate in men before the age of 20 years. 27, 28 Diabetes shares the same risk factors as some cancers and also serves as an independent predictor of death from some cancers. [29] [30] [31] [32] Thus, the risk factors of cancer have been transferred from pollution or infection to consumption of tobacco and alcohol, excessive nutrition and physical inactivity; the latter also promotes death related to diabetes-and cardio-cerebrovascular disease, possibly by inducing systemic inflammation. 33, 34 The proportion of deaths related to cardio-cerebrovascular disease or cancer has continued to increase over the past 42 years. This trend is projected to continue in the future. Our projections of all-cause and cause-specific mortality provide an estimate of the future disease burden and are fundamental to the process of planning for disease control programs. This study can provide references for planning disease control and health promotion programs in other urban centres around the world. Socioeconomic events in the past should be taken into consideration when designing strategies for the prevention and control of diseases, especially noncommunicable diseases.
limitations
As this is a descriptive study, it is difficult to confirm the causal association between socioeconomic events and cause-specific mortality. Although socioeconomic events usually affected the entire population under China's constitutional system, the extent of events such as famine in urban Shanghai could not be measured using indicators, resulting in a failure to quantify the associations. In addition, we did not stratify according to residents' socioeconomic states, limiting interpretation of our findings.
conclusion
Birth cohorts exposed to the Great Chinese Famine in early life had increased mortality from several chronic diseases in later life. Decreased cause-specific mortality followed improvements in public health infrastructure and medical service as well as pollution control. For cancer and diabetes, however, benefits that might be attributable to these changes appear to have been overridden by exposure to new risk factors in a new generation. Cancer is a major cause of premature death. Cardio-cerebrovascular disease and cancer are set to continue to be the major disease burdens in the future.
